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Resear ch progress on typical industrial calcium-based solid
wastes for carbon dioxide capture

LI Fangyuan, LUO Zhongqiu', ZHOU Xintao , CAI Xiunan, SHANG Bo
(School of Chemical Engineering, Kunming University of Science and Technology, Kunming 650500, Yunnan, China )

Abstract: Calcium-based materials have been considered as one of the most promising high-temperature
carbon capture materials due to their high carbon dioxide absorption capacity, simple preparation process,
and calcium cycling characteristics. Using calcium-based solid wastes as or for construction of
calcium-based adsorbents not only can save natural resources, but also achieve the utilization of industrial
solid wastes, which is accordant with environmental protection concepts of "treating waste with waste and
treating pollution with waste". Herein, the theoretical carbon sequestration potential of six common
industrial calcium-based solid wastes was analyzed through Huntzinger and thermodynamics. The methods
for direct carbonization of these waste residues and the preparation of derived calcium-based adsorbents, as
well as the existing problems and improvement directions, were then classified and summarized, with
methods and mechanisms for improving the uptake capacity of calcium-based adsorbents described. Finally,
the essence of calcium cycling was explained from the perspectives of gas diffusion, ion migration, and
adsorbent' structure stability. It was pointed out that oxygen vacancies and hollow sphere structures had
great potential in improving adsorption performance, and the problems and improvement directions faced
by industrial calcium-based solid waste in industrial application were discussed.

Key words: industrial calcium-based solid waste; carbon dioxide; calcium-based material; capture; carbonation

mechanism

BEE Tl AL &, AR R S8 MBI, 2023 AE 2 ERIRHFIGE S 357.8 12 Y, 4%
CO, HEMCI R IR T, AR b W e S Bs e g it i, 0z kA fia e JHIE . T,

Wi BEHEE: 2024-03-06; EAHEHI: 2024-05-13; DOI: 10.13550/j.jxhg.20240190

E2TH: YULRFELGA A ER TSI ETTA0ES (2022P4FZG03A ); =RA “MEPEA ZHHTR FHEAA LT (YNWR-
QNBJ-2020-063 ); =FFAFERIBIFTETA-H FIHH (202401AT070384 ); ELHARE T R 2E/M il 5430 H (2022720160009 )
{EE®AN: 205k (1997—), B, #i+4:, E-mail: 2637282295@qq.com, BREA: B hEk (1987—), 4, BI#4Z, E-mail:
luozhongq@126.com; JEFT (1979—), B, #4Z, E-mail: zxt5188@126.com,



© 994 - # 4m 4 T FINE CHEMICALS

42 %

R S 74 2030 4R R CO, HEGA M, 2060 45
ATSCBLRR Hh AT H Ao A SEERIE H AR, 2022 4EHE
UK R co, filife . M K EHFE (Cccus) WiH
241/ NS 1115 TR 5 /8

FERZ IR AR F AR T, B AR R B B
WG BfH i . REFEMR . By PR . TCERAEEAL, #OA
FIEA ) CO M2 —, Hr, #5354k
SR FTEYELL 5> CaO MIRRIR AL, | HBbE R S 1 S 3
CO, MfitE, St . &EAVEEME . £EE
e B HER | BRI KA R SR BRI R
L, Hl AL . T RS ®e%m, Hal 52 CO,
POTEA AL, R IR EL R R S = TR B A et

AR, B R RS AR (WREE Cao
Ca(OH),. CaCO; %5 ) W55 iy H 255635, Ait— %
R A AR . AR, S Tl R A A A
BRSO R A . DA S
B Tl [ o WS R, JRORDR IR T A, B A I
RIS YB A I < =A™ SR, 254 R /Y BE U8

RIS CO iR T FIGE RIS 5, T U Y
TR KSR 10 o SRR . Bl B TRALEE T b 5
SR, MREER (D), MEE— g
Shih . BRIRIL L TR AT AR S AR, A 5
(2 B0 5510 2 A — R B AR BT, 5 3P0 LR W M S i
B CaO, {HAE 5 2L B8 PRI 2R 80 3 5 1 41
BN Ve I E W oA E A

AR SCNEEIS 1 B X B WA 6 Ff Tl A5 35k [ 5 0t
15 R TERE M, el A P (96 A (9l 4538 %) o2
FEARBEL, DI RCH B T BHETE CO, WRE 11
TP AERIALE; AR . Sk e = R i R ]
X AR BEATAR A AUDAESIEER A B, M2
IO A B 156 BH e I Ak s 2 1 2 I, M5 44 L 138 B
BELE ST, FF4E A2 0 R 28 BRI S5 4 16 E5 705
W A E RN e, x5 5L %
ST D AR S FH T I B TR A T e, IR TR —2
PO T2 R B il v T S T S T A e [
fi4E Co, LA 1 s,

o | P N
L B | caom, | < s s
Wikl  CaCO; | KA EckE |
e | | |
R b |
) N Sl - S
Lo T
B e e L
o > T B > A | wrm e
" | R R
co,| B, # A > R |
| HEF 3 N :
s R
F % iy
%E —> Cozahﬁ\
SIRA LA 06 COR—CaCOs) -’ = | RS
SR AR
> BB TT 1
KA fmmmmne -
SARREIADR a0 caco, | et | vtiok | et
yoss, CEORVRIIIR . LS HNNG
CaCO;(s)—Ca0(s)+CO,(g) =) T g gl SR L5 TR

BT b A ST MR T A [ R AR CO, B IR

Fig. 1 Overview of carbon dioxide capture by typical industrial calcium-based solid wastes under the background of carbon

neutrality
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Table I Main chemical composition of common industrial calcium-based solid wastes and their theoretical CO, storage potential
e T 5 5% .
ik : IR % Thi% 2% ik

CaO A1203 5102 MgO SO; NazO Kzo
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HLA i 85.12 2.44 434 0.24 1.42 0.33 0.035 66.55 [3]
WA A7 32.20 2.17 1.42 0.52 41.25 0.08 0.10 3.28 [4]
¥ e 40.31 1.58 12.82 0.40 40.25 0.25 0.26 10.26 [5]
WAL R 52.39 1.49 2.52 0.70 0.31 0.14 0.013 41.82 [6]
Ui/ 21.31 24.36 19.87 0.84 1.04 8.95 0.65 23.73 [7]
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Fig. 2 XRD patterns of industrial calcium-based solid wastes: Steel slag (a)f¥), carbide slag (b)”), desulfurization gypsum (c)!'”,
phosphogypsum (d)*), white clay for papermaking (¢)!*), sintering red mud (f)!""
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# 2 PR AHIRAE R AG HHRER (HE)
Table 2 Calculation results of AG in the carbonation process for calcium-containing mineral phase of calcium-based solid
wastes (atmospheric pressure)

AG/K]

[i] )% o 2 54 SR EEPE
0°C 500 °C 600 °C 700 °C 800 °C
R Ca(OH), Ca(OH),+C0,=CaCO;+H,0 ~76.1 -1920 -10.80  —3.14 7.20 [8]
Ca,Si0, Ca,8i0,+2C0,=2CaCO5+Si0, ~161.0  21.05  57.93 9473 131.39
Ca;8i0s Ca;8i05+3C0,=3CaCO5+Si0, 2450  -4.65 4173 87.61 133.11
Ca;ALLO4 Ca;AL0g+3C0,=3CaCO5+AL0; -386.0 -134.00 -8520 -37.50 9.59
Ca0 Ca0+C0,=CaCO; ~1340 -56.70 -41.70 -27.00 —12.40
Hifi#  Ca(OH), Ca(OH),+C0,=CaCOy+H,0 ~76.1 -1920 -10.80  -3.14 5.32 [9]
BiRiAE CaSO42H,0 CaS0,+2H,0+C0,=CaCO5+H,S0,+H,0 1337  161.87 16513 168.52 172.29 [10]
BeF#  CaSO42H,0 CaS0,+2H,0+C0,=CaCO5+H,S0,+H,0 13370 161.87 165.13  168.52 172.29 [5]
YE4EE e Ca(OH), Ca(OH),+C0,=CaCO;+H,0 ~76.10 -19.20 -10.80  -3.14 5.32 [6]
Ca0 Ca0+C0,=CaCO; ~134.00 -56.7  -41.70 -27.00 —12.40
T CaTiO; CaTiO3+C0,=CaCO5+TiO, ~51.90 2851  44.04  59.40  74.63 [11]
Ca,S8i0, Ca,8i0,+2C0,=2CaCO5+Si0, ~161.00 21.05  57.93 9473 13139
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Table 3 Analysis of CO, uptake performance and adsorption/desorption cycle stability of industrial calcium-based solid
wastes and their modified materials
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Wi A-|-E 5179 EETK RifE<75 um, 105 °C, 5% 10° Pa, W& 5:1 — 283 [18]
(mL:g)

WiE AR 2827 K CRUEBIZEM ) =, 3h, ¥R CO. /£ 6% 10° Pa, JEIL10:1 — 82 [13]
(mL :g) . FEPEHER 500 r/min

il K-l 54.65 CH;COONH, 0.5 mol/L CH;COONH,, 293 K, 1.01 x 10° Pa, 240 — 386.62 [19]
min, FE<74 pm, FHH 50:1 (g: L)

Wil K-l 34.83 NH,Cl1 80 °C. 1.6 mol/LNH,CI, [k 40:1(g:L) — 223.15 [20]

Wil K- 46.4 LR Ak : 20% CO,/N,. 75 mL/min. 650 °C. 10 min 20 110 [21]
JBBE . 80% COy/N,. 75 mL/min, 900 °C. 5 min

M K- 46.63 Y w21k : 15% CO,/Ar. 50 mL/min. 650 °C. 20 min 20 290 [15]
WEBE:. He. 50 mL/min. 850 °C. 10 min
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JBBE . N,. 20 mL/min. 700 °C. 30 min

Wik - 44 H iR WIRAL : 10% CO/N,. 50 mL/min, 700 °C.150 min 10 150 [23]
JBBE . N,. 50 mL/min. 750 °C. 60 min

HAE - — FEIIK 1P % 2000 r/min RS 5x10°Pa B L 250 :  — 470 [24]
1 (g:L), #HEE 0.8 m/s, FEAKHRK 2 m/s

HAE - 89.5 EBEFK 65 °C. CO, ¥IMEE ST 1.5%x10° Pa. ¥k 15:1 — 610.8 [12]

(mL : g), $E$kE% 200 r/min
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Fig. 3 Schematic diagram of direct/indirect carbonation process of steel slag
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Fig. 10 Carbon dioxide capture enhancement pathway of conventional calcium-based adsorbents
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Microscopic morphology of common calcium-based adsorbents after modification
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